Changes in pyridine nucleotide levels alter oxygen consumption and extra-mitochondrial phosphates in isolated mitochondria: a 31P-NMR and NAD(P)H fluorescence study.
Isolated rat-liver mitochondria were used to study the relation between mitochondrial NADH levels, oxygen consumption (QO2), and extra-mitochondrial phosphates. Alterations in NADH and QO2 were accomplished by incubating mitochondria with different substrates or varying amounts of exogenous ATPase while monitoring QO2 and NAD(P)H fluorescence. Two sets of conditions were studied: (1) in the presence of excess ADP and inorganic phosphate, an increase in NAD(P)H fluorescence was associated with a linear increase in QO2; (2) when QO2 was driven by the steady-state hydrolysis of ATP by exogenous ATPase, increases in QO2 were associated with proportional decreases in NAD(P)H fluorescence. For all substrates tested this relation was linear; however, the slope was substrate dependent. Different substrates were able to maintain different NAD(P)H levels at the same QO2. To investigate this further, effects of changing substrates at constant QO2 on NAD(P)H and extra-mitochondrial phosphates were determined. Addition of glutamate + malate to mitochondria respiring on citrate caused a 50% increase in NAD(P)H fluorescence, a 41% decrease in ADP, and a 30% decrease in inorganic phosphate. Similar changes for the substrate jump, pyruvate + malate to glutamate + malate were found. Finally, it was determined that a linear relation holds between increases in NAD(P)H fluorescence and increases in QO2 when substrates were varied at constant, physiologic levels of extra-mitochondrial ADP. These results indicate that QO2 depends on NAD(P)H levels as well as on extra-mitochondrial phosphates over a wide range of respiratory rates.